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FOREWORD 


This  report  was  prepared  for  the  Department  of  the  Air  Force 
Ballistic  Missile  Office  (BMO)  in  compliance  with  Contract  No. 
F04704-80-C-0006 ,  CDRL  Item  No.  004A2.  It  presents  the  results 
of  Va  1 ley-Spec i f  ic  Aggregate  Resources  studies  within  and 
adjacent  to  selected  areas  in  Utah  that  are  under  consideration 
for  siting  the  MX  system. 

This  volume  contains  the  results  of  the  aggregate  resources 
study  in  Whirlwind  Valley.  It  is  the  fifth  of  several  Valley- 
Specific  Aggregate  Resources  investigations  which  will  be 
prepared  as  separate  volumes.  Results  of  this  report  are 
presented  as  text,  appendices,  and  two  drawings. 
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EXECUTIVE  SUMMARY 


This  report  contains  the  Valley-Specific  Aggregate  Resources 
Study  (VSARS )  evaluation  for  Whirlwind  Valley  and  surrounding 
areas  in  Utah.  It  is  the  fifth  in  a  series  of  reports  that 
contains  valley-specific  aggregate  information  on  the  location 
and  suitability  of  basin-fill  and  rock  sources  for  concrete  and 
road-base  construction  materials.  The  findings  presented  are 
based  on  field  reconnaissance  and  limited  laboratory  testing, 
existing  data  from  the  Utah  State  Department  of  Highways,  a 
previous  regional  aggregate  investigation,  and  Verification 
stud ies. 

A  classi f ication  system  based  on  aggregate  type  and  potential 
use  was  developed  to  rank  the  suitability  of  all  basin-fill  and 
rock  aggregate  sources.  Four  aggregate  types  have  been  desig¬ 
nated;  coarse,  fine,  and  coarse  and  fine  (multiple)  aggregates 
derived  from  basin-fill  sources  and  crushed  rock  aggregates 
derived  from  rock  sources.  Each  aggregate  type  was  then  classi¬ 
fied  using  the  following  definitions: 

Class  I  Potentially  suitable  concrete  aggregate  and  road-base 
material  source. 

Class  II  Possibly  unsuitable  concrete  aggregate/potentially 
suitable  road-base  material  source. 

Class  III  Unsuitable  concrete  aggregate  or  road-base  material 
source . 

Decisions  on  assigning  a  particular  aggregate  source  to  one  of 
the  three  classes  were  determined  from  existing  and  Fugro 
National  laboratory  aggregate  tests  performed  as  part  of  this 


study  (abrasion  resistance,  soundness,  and  alkali  reactivity), 
and  to  a  lesser  degree  from  field  visual  observations. 

Emphasis  in  this  study  was  placed  on  the  identification  and 
delineation  of  Class  I  basin-fill,  coarse  aggregate.  These 
deposits  are  considered  to  be  the  primary  sources  of  concrete 
and  road-base  construction  materials.  Results  of  the  study  are 
presented  on  a  1:125,000  scale  aggregate  resources  map  (Drawing 
2)  and  are  summarized  as  follows: 

1.  Coarse  Aggregate  -  Major  Class  I  coarse  aggregate  basin-fill 
sources  are  located  in  older  lacustrine  deposits  (Aolg) , 
east  of  the  Swasey  Mountains  and  the  House  Range.  Addition¬ 
al  Class  I  coarse  aggregate  sources  whose  boundaries  could 
not  be  delineated  are  also  located  in  alluvial  fan  (Aafs) 
and  stream  channel  (Aals)  deposits  in  the  northwestern  part 
of  the  study  area. 

Potentially  suitable  Class  II  coarse  aggregate  sources  are 
widespread  and  extensive  in  the  study  area.  Although  bound¬ 
aries  of  specific  deposits  could  not  be  delineated,  they  are 
typically  located  within  alluvial  fans  flanking  Class  I 
and/or  Class  n  rock  sources  and  older  lacustrine  deposits. 

2.  Fine  Aggregate  -  Most  coarse  aggregate  basin-fill  sources 
are  also  potential  multiple  sources  (coarse  and  fine)  that 
will  supply  varying  quantities  of  fine  aggregate  either  from 
the  natural  deposit  or  during  processing.  Specific  Class  I 
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fine  aggregate  sources  were  identified  and  delimited  in 
older  lacustrine  deposits  (Aols)  located  east  of  the 
Swasey  Mountains. 

3.  Crushed  Rock  -  Prominant  Class  I  crushed  rock  aggregate 
sources  and  their  locations  within  the  study  area  are: 

a.  Marjum  Limestone  (Ls)  primarily  exposed  in  the  northern 
House  Range  and  southern  Swasey  Mountains. 

b.  Dome  Limestone  (Ls)  exposed  principally  within  the 
Crickett  Mountains. 

c.  Basalt  and  andesitic  flows  (Vb)  within  and  east  of  the 
Little  Drum  Mountains  in  the  north  and  south  of  Delta 
along  the  eastern  boundary. 

The  useability  of  any  of  these  rock  units  as  crushed  rock  aggre¬ 
gate  sources  will  depend  on  their  location  and  accessibility 
within  the  study  area  and  their  minability. 

Additional  aggregate  testing  and  field  investigations  will  be 
required  to  further  refine  the  lateral  and  vertical  extents  of 
classification  boundaries  and  to  define  exact  physical  and  chem¬ 
ical  characteristics  of  a  particular  basin-fill  or  rock  source 
within  the  valley  area. 
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1.0  INTRODUCTION 


1. 1  STUDY  AREA 

This  report  presents  the  results  of  the  Valley-Specific  Aggre¬ 
gate  Resources  Study  completed  for  Whirlwind  Valley  (Figure  1)  . 
Located  in  western  Millard  and  Juab  counties,  Utah,  the  area 
contains  north-south  trending  alluvial  basins  separated  by 
carbonate  and  volcanic  rock  mountain  ranges.  The  House  Range 
and  the  Swasey  Mountains  border  the  site  on  the  west  and  Sevier 
Desert  marks  the  eastern  boundary. 

U.S.  Highway  5  and  60  provides  access  to  the  central  study 
region  and  State  Highway  257,  provides  access  to  areas  along  the 
eastern  border.  A  network  of  unpaved  roads  and  4-wheel-drive 
trails  crisscross  the  study  area  (Drawing  1) . 

The  valley  area  is  mainly  comprised  of  undeveloped  desert 
rangeland  administered  by  the  Bureau  of  Land  Management  ( BLM) . 
The  town  of  Delta,  Utah,  lies  just  within  the  northeastern 
border  of  the  Valley-Specific  study  area  and  is  serviced  by  the 
mainline  of  the  Union  Pacific  Railroad  from  Salt  Lake  City, 
Utah,  to  Las  Vegas,  Nevada. 

1.2  BACKGROUND 

The  MX  aggregate  program  began  in  1977  with  the  investigation  of 
Department  of  Defense  (DOD)  and  Bureau  of  Land  Management  (BLM) 
lands  in  California,  Nevada,  Arizona,  New  Mexico,  and  Texas 
( FN-TR-20D) .  Refinement  of  the  MX  siting  area  added  portions  of 
Utah  and  Nevada  that  were  not  studied  in  the  initial  Aggregate 
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Resources  Evaluation  Investigation  (AREI ) .  This  additional 
area  (Figure  2) ,  defined  as  the  Utah  Aggregate  Resources  Study 
area  (UARSA)  ,  was  evaluated  in  the  Fall  of  1979  and  a  second 
general  aggregate  resources  report  (FN-TR-34)  was  submitted  on 
3  March  1980.  Both  general  aggregate  investigations  were  de¬ 
signed  to  provide  regional  information  of  the  general  location, 
quality,  and  quantity  of  aggregates  that  could  be  used  in  the 
construction  of  the  MX  system. 

Subsequent  to  the  general  studies,  Valley-Specific  Aggregate 
Resources  Studies  (VSARS)  were  developed  in  FY  79  to  provide 
more  detailed  information  on  potential  aggregate  sources  in 
specified  valley  areas. 

1.3  OBJECTIVES 

The  primary  objective  of  the  VSARS  program  is  to  classify  on  a 
valley  basis,  basin-fill  and  rock  deposits  for  suitability  as 
concrete  and  road  base  construction  materials.  The  VSARS  format 
is  designed  to  select  and  present  the  locations  of  the  most 
acceptable  aggregate  sources  for  preliminary  construction 
planning  and  follow-on,  detailed  aggregate  investigations. 

1.4  SCOPE 

The  scope  of  this  investigation  required  office  and  field 

investigations  and  included  the  following: 

(1)  Collection  and  analysis  of  available  existing  data  on 
the  quality  and  quantity  of  potential  concrete  aggre¬ 
gate  and  road  base  material  sources.  American  Society 
of  Testing  and  Materials  (ASTM)  standards  and  Standard 
Specifications  for  Public  Works  Construction  (SSPWC) 
were  used  to  evaluate  quality. 


NATIONAL  ING 


NEVADA 


SALT  LAKE  CITY 


i , 

r— 

'  ,  hr1. 

i 

- _ —  .  _ 

j... — ... 

. . Sir .Cr-Tx.-  ~t 

i 

V 

V  \ 
</A  \ 


%\  j 

V  \ 


TONOPAH 

. ‘ 

\\ 

\  \ 

\  \ 
\ 


ELY  X*:, 


CALIENTE 


~7 

/  j  ARIZONA 

s  LAS  VEGAS  ! 


i 


\  1 
\  ^ 

\  ) 


EXPLANATION 

-  NEVADA— CALIFORNIA  AGGREGATE  RESOURCES  EVALUATION 

INVESTIGATION  FV  78  (FN-TR-200) 

{  |  UTAH  AGGREGATE  RESOURCES  STUDY,  FT  79  (FN-TR-34) 


SCALE  1:  9,000,000 
9 


STATUTE  MILES 
0  90  100 


UTAH-NEVADA  REGIONAL  AGGREGATE  STUOIES 


MI  SITING  INVESTIGATION 
DEPARTMENT  OP  THE  AIR  PORCE  -  NO 


II  CURE 

2 


e  JUN  80 


FN-TR-37-e 


(2)  Aerial  and  ground  reconnaissance  of  all  identified 
potential  aggregate  sources  in  the  valley  area,  with 
more  detailed  investigation  and  sample  collection  of 
likely  basin-fill  (coarse  and  fine  aggregates)  and 
rock  (crushed  rock  aggregates)  construction  material 
sources . 

(3)  Laboratory  testing  to  supplement  available  existing 
data  and  to  provide  detailed  information  to  assist  in 
determining  the  suitability  of  specific  basin-fill  or 
rock  deposits  as  construction  material  sources  within 
the  valley  area. 

(4)  Development  and  application  of  an  aggregate  classifi¬ 
cation  system  (Section  2.5)  that  emphasizes  aggregate 
type  (coarse,  fine,  or  crushed  rock)  and  potential 
construction  use  (concrete  and/or  road  base). 
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2.0  STUDY  APPROACH 

2.1  EXISTING  DATA 

Collection  of  existing  test  data  from  available  sources  was  an 
important  factor  in  the  VSARS  program.  The  principal  source  of 
existing  data  directly  pertaining  to  aggregate  construction 
materials  was  the  Utah  State  Department  of  Highways  (Appendix 
A).  The  majority  of  this  information  is  related  to  the  use  of 
aggregate  material  for  asphaltic  concrete,  base  course  in 
road  construction,  or  ballast  material.  However,  many  of  the 
suitability  tests  for  these  types  of  construction  materials  are 
similar  to  those  for  concrete  and  were  applicable  to  this 
investigation  (Appendix  A) . 

2.2  SUPPLEMENTAL  FUGRO  NATIONAL  DATA 

Supplemental  Fugro  National  data  were  obtained  from:  (1)  field 
data  and  supplementary  test  data  compiled  during  the  general 
aggregate  resources  study  (FN-TR-34),  (2)  Whirlwind  Valley 
Verification  study  ( FN-TR-27-IA) ,  and  (3)  the  current  Valley- 
Specific  Aggregate  Resources  Study  (Appendix  A). 

The  primary  objective  of  the  initial,  general  aggregate  study 
was  a  regional  evaluation  and  ranking  of  all  potential  aggregate 
sources.  One  data  point  from  the  general  aggregate  study  was 
located  within  the  VSARS  study  area  (Drawing  1)  and  consequently 
supplied  specific  aggregate  information.  This  stop  included  a 
150-pound  rock  sample  collected  for  limited  laboratory  testing 
(Appendix  A) . 
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Verification  geologic  maps  were  an  initial  source  of  information 
on  the  type  and  extent  of  basin-fill  units  within  specific 
valley  areas.  In  addition.  Verification  study  data  included 
information  from  two  trench  locations  of  at  least  5  feet  depth 
(Drawing  1).  While  the  Verification  studies  are  not  specifical¬ 
ly  designed  to  generate  aggregate  data,  the  sampling  techniques 
and  testing  procedures  (Appendix  A)  are  applicable  to  the 
aggregate  evaluation. 

The  VSARS  program  required  aerial  and  ground  reconnaissance  of 
the  study  area  to  collect  additional  information  to  verify 
conditions  determined  during  the  data  review.  Included  in  the 
27  field  station  data  stops  was  the  collection  of  20  samples  for 
laboratory  testing.  Potential  coarse  and  fine  aggregate  basin- 
fill  samples  were  collected  by  channel  sampling  stream  cuts  or 
man-made  exposures.  Potential  crushed  rock  aggregate  samples 
were  obtained  from  exposures  of  fresh  or  slightly  weathered 
material  whenever  possible.  The  weight  of  the  samples  collected 
ranged  between  100  and  150  pounds.  Hand  samples,  which  general¬ 
ly  did  not  exceed  5  pounds  in  weight,  were  collected  for  office 
analyses. 

Identification  of  basin-fill  materials  in  all  field  studies 
followed  ASTM  D2488-69  Description  of  Soils  (Visual-Manual 
Procedure),  and  the  Unified  Soil  Classification  System  (Appendix 
C)  .  Rock  identifications  followed  procedures  described  in  the 
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Quarterly  of  the  Colorado  School  of  Mines  (1955)  and  Standard 
Investigative  Nomenclature  of  Constituents  of  Natural  Mineral 
Aggregates  ( ASTM  C294-69) . 

2.3  DATA  ANALYSIS 

Geologic  and  engineering  criteria  were  used  in  the  evaluation  of 
potential  aggregate  sources  within  the  study  area.  This  was 
supplemented  by  laboratory  analysis  of  selected  samples  during 
the  Valley-Specific  aggregate  testing  program  (Table  1).  Coarse 
aggregate  is  defined  as  plus  0.185  inch  (4.699  mm)  fine  gravel 
to  boulders  basin-fill  material.  Fine  aggregate  is  defined  as 
minus  0.375  inch  (9.52  mm)  coarse  to  fine  sand  basin-fill 
material.  While  all  laboratory  tests  supplied  definitive 
information,  the  soundness,  abrasion,  and  alkali  reactivity 
results  were  considered  the  most  critical  in  determining  the  use 
and  acceptability  of  a  potential  aggregate  source. 

2.4  PRESENTATION  OF  RESULTS 

Results  of  the  study  are  presented  in  text,  tables,  two 
1:125,000  scale  maps,  and  appendices.  Drawing  1  presents  the 
location  of  the  56  existing  test  data  and  supplemental  Fug  ro 
data  sites  within  the  study  area.  Drawing  2  presents  the 
location  of  all  Fugro  National  laboratory  sample  sites  and  all 
potential  basin-fill  and  rock  aggregate  sources  within  the 
valley  area.  In  addition,  these  potential  aggregate  sources  are 
classified  according  to  proposed  aggregate  use  and  type  (Section 
2.5)  . 
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Geologic  unit  symbols  utilized  in  Drawing  2  relate  to  standard 
geological  nomenclature  whenever  possible.  Undifferentiated 
basin-fill  and  rock  units  were  established  primarily  to  accomo¬ 
date  accuracy  of  data  and  map  scale  and  may  contain  deposits 
which  could  supply  significant  quantities  of  high  quality 
materials.  A  conversion  table  to  relate  these  geologic  symbols 
to  the  geologic  unit  nomenclature  "sed  in  the  Fugro  National 
Verification  studies  is  contauic,'  Appendix  E. 

All  contacts  which  represent  c’  s  i  ct  boundaries  between  geolog¬ 
ic  units  are  shown  as  sol  :'-j  lin  s  in  Drawing  2.  The  contacts 
are  dashed  where  the  depicted  data  were  extrapolated  beyond  the 
limits  of  the  source  data  or  where  accuracy  of  the  data  may  be 
questionable.  Local  small  deposits  of  one  geologic  unit  may  be 
found  in  close  association  with  a  larger  deposit  of  a  different 
geologic  unit.  Due  to  the  reconnaissance  level  of  the  field 
investigation  or  scale  limitations,  these  smaller  deposits  could 
not  be  depicted  on  the  aggregate  resources  map  and  have  been 
combined  with  the  more  prevalent  material.  Similarly,  poten¬ 
tial  aggregate  source  classifications  are  preliminary  and  may 
contain  lesser  amounts  of  material  of  another  use  or  type. 
Therefore,  all  classification  lines  delimit  the  best  aggregate 
evaluations  possible  at  this  level  of  investigation .  In  cases 
of  highly  variable  rock  or  basin-fill  units  and  limited  aggre¬ 
gate  tests,  boundaries  could  not  be  drawn  and  information  is 
presented  as  point  data  on  Drawing  2. 


Appendices  contain  tables  summarizing  the  basic  data  collected 
during  Fug ro  National's  supplemental  field  investigations,  the 


result::  of  Fug  ro  National's  supplemental  testing  programs, 
and  existing  test  data  gathered  from  various  outside  sources 
(Appendix  A),  an  explanation  of  caliche  development  (Appendix 
B)  ,  the  Unified  Soil  Classification  System  (Appendix  C)  ,  photo¬ 
graphs  of  typical  aggregate  sources  within  the  study  area 
(Appendix  D) ,  and  a  geologic  unit  cross  reference  table  (Appen¬ 
dix  E)  . 

2.5  PRELIMINARY  CLASSIFICATION  OF  POTENTIAL  AGGREGATE  SOURCES 
A  system  was  developed  to  preliminarily  classify  all  potential 
aggregate  sources  in  the  study  area.  This  classification  is 
designed  to  present  the  best  potential  sources  of  coarse,  fine, 
coarse  and  fine  (multiple  source),  and  crushed  rock  aggregate 
types  within  a  Valley-Specific  area  (Drawing  2)  based  on  poten¬ 
tial  aggregate  use  (Table  2).  Concrete  aggregate  parameters  are 
the  principal  consideration  in  this  report  as  materials  suitable 
for  use  as  concrete  aggregate  are  generally  acceptable  for  use 
as  road-base  material.  Therefore,  the  three  classifications 
described  below  were  based  primarily  on  results  of  the  abrasion, 
soundness,  and  alkali  reactivity  tests. 

Class  I  Potentially  suitable  concrete  aggregate  and  road  base 
material  source.  Coarse  and  crushed  rock  aggregates 
which  either  passed  abrasion,  soundness,  and  alkali 
reactivity  tests  or  passed  abrasion  and  soundness 
tests  and  were  not  tested  for  alkali  reactivity;  fine 
aggregates  which  either  passed  soundness  and  alkali 
reactivity  tests  or  passed  soundness  tests  and  were 
not  tested  for  alkali  reactivity. 

Class  II  Possibly  unsuitable  concrete  aggregate/potentially 
suitable  road-base  material  source.  Coarse,  fine, 
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and  crushed  rock  aggregates  which  either  failed  the 
soundness  and/or  alkali  reactivity  tests  or  were 
classified  only  by  field  visual  observations  or  other 
test  data. 

Class  III  Unsuitable  concrete 
source .  Coarse  and 
failed  abrasion  test 
testing.  Fine,  and 
posed  of  significant 
particles. 


Sources  not  specifically  identified  as  Class  I,  II,  or  III  from 
the  three  critical  test  results  or  clay-  and  silt-sized  particle 
content,  are  designated  as  Class  II  sources.  All  classifica¬ 
tions  are  preliminary  with  additional  field  reconnaissance, 
testing,  and  case  history  studies  needed  to  confirm  adequacy, 
delimit  areal  boundaries,  and  define  exact  physical  and  chemical 
characteristics. 


The  following  publications/sources  were  used  in  defining  the 
three  use  classifications: 

(1)  ASTM  C33-74A  Standard  Specifications  for  Concrete 
Aggregate , 

(2)  SSPWC  Part  II  Construction  Sections  200-1.1,  1.4,  1.5, 
and  1.7, 

(3)  Literature  applicable  to  concrete  aggregates, 

(4)  Industrial  producers  of  concrete  aggregates,  and 

(5)  Consultants  in  the  field  of  concrete  aggregates. 


aggregate  or  road  base  material 
crushed  rock  aggregates  which 
and  were  excluded  from  further 
rarely,  coarse  aggregates  corn- 
amounts  of  clay-  and  silt-sized 
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3.0  GEOLOGIC  SETTING 


3.1  PHYSIOGRAPHY 

The  study  area  lies  entirely  within  the  Basin  and  Range  physio¬ 
graphic  province  and  is  divisible  into  two  distinct  sections. 
Primary  physiographic  features  of  the  western  section  are  con¬ 
trolled  by  block  faulting  which  has  produced  the  uplifted  north- 
south  trending  mountains  and  intervening  down-dropped  alluvial 
filled  basins.  The  eastern  section  of  the  study  area  is  domi¬ 
nated  by  the  broad,  low-lying  Sevier  Desert  and  its  associated 
deposits  of  Pleistocene  Lake  Bonneville. 


Elevations  within  the  valley  range  from  about  5600  feet  (1707  m) 
near  the  northern  end  of  Whirlwind  Valley  to  approximately 
4520  feet  (1378  m)  on  the  floor  of  Sevier  Lake  in  the  extreme 
southern  section  of  the  study  area. 


The  Swasey  Mountains  and  the  House  Range  form  the  western  border 
of  the  study  area  and  the  Cricket  Mountains  form  the  southeast¬ 
ern  border.  The  eastern  and  northeastern  portion  of  the  area  is 
dominated  by  the  Sevier  Desert  while  the  north  cental  section  is 
bounded  by  the  Little  Drum  Mountains  (Drawing  2)  .  Topographic 
relief  between  mountain  ridges  and  basins  is  generally  greatest 
along  the  west-central  valley  margin  where  it  averages  approxi¬ 
mately  2000  feet  (610  m)  .  The  study  area  is  characterized  by 
closed  drainage  with  Sevier  Lake  dominating  the  southern  termi¬ 
nus  of  the  system. 
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3.2  LOCATION  AND  DESCRIPTION  OF  GEOLOGIC  UNITS 

Rocks  representing  the  Paleozoic  and  Cenozoic  eras  occur  within 
and  adjacent  to  the  Valley-Specific  area  (Drawing  2).  These 
rocks  are  of  various  igneous  (intrusive  and  extrusive)  meta- 
morphic  and  sedimentary  lithologies. 

Paleozoic  sedimentary  rocks  consist  predominantly  of  thin  to 
very  thick  bedded  quartzites,  limestones,  and  dolomites  with 
interbedded  sandstone,  shale,  and  siltstone.  They  occur  exten¬ 
sively  in  the  western  half  of  the  study  area  within  the  Swasey, 
Little  Drum,  and  Crickett  mountains  and  the  House  Range. 

Cenozoic  rocks  unconf o rmably  overlie  Paleozoic  units.  These 
rocks  consist  of  Tertiary  and  Quaternary  volcanic  rocks  com¬ 
prising  welded  and  nonwelded  tuffs  and  lava  flows  of  basaltic 
to  rhyolitic  composition.  Extrusion  of  these  rocks  is  specula¬ 
ted  to  have  occurred  during  Oligocene  to  Pleistocene  time. 

Unconfo rmably  overlying  the  Tertiary  rocks  are  Quaternary  vol¬ 
canic  rocks  and  unconsol idated  basin-fill  deposits  consisting  of 
alluvial  fan,  older  lacustrine,  and  stream  channel  and  terrace 
material.  These  deposits  reach  a  combined  thickness  of  many 
hundreds  to  thousands  of  feet  in  the  valley  axis. 

Geologic  deposits  have  been  grouped  into  seven  rock  and  four 
basin-fill  geologic  units  for  use  in  discussing  potential 
aggregate  sources.  The  grouping  of  these  units  was  based  on 
similarities  in  physical  and  chemical  character istics  and  map 
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scale  limitations.  The  resulting  units  simplify  discussion  and 
presentation  without  altering  the  conclusions  of  the  study. 


3.2.1  Rock  Units 

Geologic  rock  units  were  grouped  into  seven  categories  (Drawing 
2):  quartzite  (Qtz) ,  limestone  (Ls),  carbonate  rocks  undiffer¬ 
entiated  (Cau) ,  sedimentary  rocks  undifferentiated  (Su)  ,  granite 
(Gr)  ,  basalt  (Vb)  ,  and  volcanic  rocks  undifferentiated  (Vu)  . 
Class  II  granitic  rocks  are  of  limited  areal  extent  exposed  only 
in  the  interior  portion  of  the  central  House  Range  and  because 
of  poor  access  are  considered  an  unlikely  source  and  will  not  be 
discussed . 


3. 2. 1.1  Quartzite  -  Qtz 

The  prospect  Mountain  Quartzite,  of  Cambrian  age,  crops  out 
extensively  in  the  Cricket  Mountains  (Drawing  2) .  This  forma¬ 
tion  consists  of  reddish  brown  to  white,  thin  to  thick  bedded, 
well  indurated,  fine-grained  quartzite  containing  up  to  10  per¬ 
cent  feldspar  grains.  It  contains  interbeds  of  less  resistant 
quartzite,  micaceous  shale,  pebble  conglomerate,  and  arkosic 
sandstone  layers.  Diabase  dikes  and  sills  of  basaltic  appear¬ 
ance  locally  intrude  this  formation. 

3. 2. 1.2  Limestone  -  Ls 

Limestone  is  a  carbonate  rock  which  is  hard,  durable,  thin  to 
thick  bedded  and  a  major  cliff  former  within  the  study  area. 
Principal  limestone  formations  include  the  Cambrian  Marjum, 
Dome,  Notch  Peak,  and  Weeks  limestones,  and  the  Ordovician 
lower  Pogonip  Group.  These  limestones  are  typically  medium  to 
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dark  gray,  fine  to  medium  grained,  f ossil i feroL ^ ,  and  sparsely 
cherty  with  well  developed  bedding  and  jointing.  Limestones  are 
most  extensive  within  the  Swasey  Mountains  and  House  Range  in 
the  western  section  of  the  study  area  (Drawing  2) . 

3. 2. 1.3  Carbonate  Rocks  Und i f f erent ia ted  -  Cau 
Materials  classifed  as  undifferentiated  carbonate  rocks  include 
thick,  complex  sequences  of  limestone  and  dolomite  with  thin 
interbeds  of  sandstone,  siltstone,  and  shale.  Principal  forma¬ 
tions  in  this  unit  include  unnamed  Upper  Cambrian  limestone,  and 
the  Upper  Cambrian  Orr  Formation.  These  cliff  forming  rocks  are 
chiefly  limestone  and  typically  light  to  dark  gray  in  appear¬ 
ance,  thin  to  thick  bedded,  dense,  cherty,  fossil i ferous ,  and 
durable.  This  unit  crops  out  in  the  extreme  southern  House 
Range  and  in  the  northern  Little  Drum  Mountains  (Drawing  2) . 

3. 2. 1.4  Sedimentary  Rocks  Undifferentiated  -  Su 
Geologic  formations  mapped  as  undifferentiated  sedimentary  rocks 
include  interbedded  sandstone,  shale,  dolomite,  limestone,  and 
quartzite.  These  deposits  are  characterized  by  poorly  indurated 
material  with  complex,  thin  to  thick  bedding.  The  highly 
interbedded  nature  of  these  units  prevents  separation  into 
individual  rock  types.  Principal  geologic  formations  included 
within  this  unit  are  the  Pioche  Shale  and  Swasey  and  Whirlwind 
formations  which  principally  crop  out  in  the  northern  House 
Range,  southern  Swasey  Mountains,  and  Cricket  Mountains  (Drawing 
2).  These  formation  are  also  present  as  numerous  small  units 
throughout  the  study  area. 
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3. 2. 1.5  Basalt  -  Vb 

Tertiary  and  Quaternary  basalt  was  identified  during  the  field 
investigation  south  of  Delta  within  the  Sevier  Desert  and  within 
and  east  of  the  Little  Drum  Mountains  at  the  northern  end  of  the 
study  area  (Drawing  2).  Where  observed,  it  is  characteristical¬ 
ly  dense,  dark  gray  to  black,  thick  bedded  to  massive,  locally 
vesicular,  and  poorly  jointed  with  scattered  interbeds  of 
volcanic  agglomerates  and  pumice  tuffs.  In  the  Little  Drum 
Mountains  it  overlies  early  Tertiary  lava  flows  of  intermediate 
to  silicic  composition. 

3. 2. 1.6  Volcanic  Rocks  Undifferentiated  -  Vu 
Undifferentiated  volcanic  rocks  form  extensive  rock  units  in 
the  northern  part  of  Whirlwind  Valley  within  the  Little  Drum 
Mountains  and  within  the  House  Range  at  the  southern  end  of  the 
study  area  (Drawing  2) .  These  rocks  are  early  Tertiary  in  age 
and  consist  predominantly  of  welded  and  nonwelded  pyroclastics 
(air  falls,  ash  flows,  ignimbrites)  of  silicic  composition  and 
scattered  lava  flows  of  andesitic  to  rhyolitic  composition.  In¬ 
dividual  rock  units  have  not  been  delineated  separately  because 
of  map  scale  limitations  and  complex  but  similar  composition. 

3.2.2  Basin-Fill  Units 

Four  basin-fill  units  are  mapped  and  labelled  within  the  study 
area  (Drawing  2).  These  consist  of  older  lacustrine  (Aol), 
alluvial  fan  (Aaf),  stream  channel  and  terrace  (Aal),  and 
undifferentiated  alluvial  deposits  (Au) .  Gravel  (g)  and  sand 
(s)  grain  size  designations  (e.g.  Aafg)  have  been  assigned  to 
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basin-fill  units  in  the  Verification  mapped  areas.  The  most 
extensive  basin-fill  units  in  the  Whirlwind  Valley  study  area 
are  the  fine  grained  deposits  (silts  and  clays)  of  Sevier  Lake 
(modern  playa)  and  ajoining  clayey  lacustrine  and  stream  channel 
deposits.  These  have  been  mapped  and  labelled  as  unsuitable 
aggregate  sources  and  will  not  be  discussed. 

3.2. 2.1  Older  Lacustrine  Deposits  -  Aol 

Older  lacustrine  deposits  were  formed  during  late  Pliocene/early 
Pleistocene  time  in  response  to  a  much  wetter  climate.  These 
deposits  are  widely  distributed  throughout  the  study  area  and 
are  usually  interbedded  with  or  overlain  by  alluvial  fan  depos¬ 
its  (Drawing  2).  Observed  size  gradations  range  from  coarse 
gravel  to  sand,  silt,  and  clay.  Older  lacustrine  shoreline 
deposits  (sandbars,  sand  spits,  deltas)  of  Pleistocene  Lake 
Bonneville  typically  consist  of  sand  and  gravel  and  are  particu¬ 
larly  well  developed  at  elevations  of  approximately  5150  to  5200 
feet  (1570  to  1585  m)  and  4800  feet  (1463  m)  above  mean  sea 
level,  but  generally  occur  at  all  elevations  below  5200  feet. 

3. 2. 2. 2  Alluvial  Fan  Deposits  -  Aaf 

Alluvial  fans  bordering  the  mountain  fronts  and  extending  out 
into  the  valley  basins  are  the  most  extensive  potential  basin- 
fill  aggregate  deposits  mapped  and  labelled  within  the  study 
area  (Drawing  2).  They  are  typically  homogeneous  to  poorly 
stratified  mixtures  of  boulders,  cobbles,  gravel,  sand,  silt, 
and  clay  that  grade  from  very  coarse  grained  near  the  rock/ 
alluvium  contact  to  fine  grained  near  the  valley  centers. 
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Individual  fan  units  contain  poorly  to  well  graded,  angular  to 
subangular  particles  that  exhibit  considerable  lateral  and  ver¬ 
tical  textural  variation.  Composition  of  the  surrounding  source 
rock  strongly  controls  the  textural  properties  of  material  form¬ 
ed  in  alluvial  fan  deposits.  Fan  units  formed  at  the  base  of 
carbonate  or  quartzitic  rocks  are  characteristically  coarse 
grained,  whereas  fans  developed  from  volcanic  sources  tend  to  be 
fine  grained.  Caliche  development  in  soils  (Appendix  B)  ,  a 
natural  process  of  soil  development  in  arid  climates,  ranges 
from  none  in  younger  fans  to  stage  III  in  older  units. 

3. 2. 2. 3  Stream  Channel  and  Terrace  Deposits  -  Aal 

Stream  channel  and  terrace  deposits  within  the  study  area  are 
associated  with  primary  and  secondary  ephemeral  streams  (Drawing 
2)  .  Secondary  ephemeral  streams  commonly  transect  alluvial  fan 
deposits  and  trend  normal  to  the  ranges  toward  the  valley  axis. 
Most  are  too  small  or  indistinct  to  be  depicted  on  Drawing  2  and 
have  been  grouped  with  adjacent,  more  prominent  units  (i.e., 
alluvial  fan,  undifferentiated  alluvium).  These  deposits  vary 
from  homogeneous  to  poorly  stratified  mixtures  of  sand,  gravel, 
cobbles,  and  boulders  near  mountain  fronts  to  sand,  silt,  and 
clay  near  valley  centers. 

3. 2. 2. 4  Alluvial  Deposits  Undifferentiated  -  Au 
Undifferentiated  alluvial  deposits  consist  of  combinations  of 
basin-fill  units  in  areas  that  were  not  examined  and  mapped 
during  the  Verification  program.  Located  predominantly  in  the 
eastern  half  of  the  study  area,  this  group  includes  alluvial 
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fan,  older  lacustrine,  stream  channel  and  terrace  (including 
deposits  associated  with  the  Sevier  River) ,  and  pediment  depos¬ 
its.  These  alluvial  deposits  are  homogeneous  to  stratified 
mixtures  of  boulders,  cobbles,  gravel,  sand,  silt,  and  clay 
derived  from  a  wide  range  of  rock  types.  Composition  varies 
according  to  the  characteristics  of  the  individual  units  and  the 
lithology  of  the  source  rock.  Undifferentiated  alluvial  depos¬ 
its  are  generally  located  along  the  inside  margins  of  the 
Valley-Specif ic  boundaries  in  the  northeastern  and  in  the 
central  part  of  the  study  region  south  of  the  Little  Drum 
Mountains  (Drawing  2). 
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4 . 0  POTENTIAL  AGGREGATE  SOURCES 

Based  on  the  results  of  field  visual  observations  and  aggregate 
testing,  potential  basin-fill  and  rock  sources  were  divided  into 
three  basic  material  types  (i.e.,  coarse,  fine,  and  crushed 
rock)  and  classified  into  one  of  three  use  categories  (Section 
2.5).  Basin-fill  deposits  tested  in  the  study  area  may  be 
placed  within  a  multiple  type  category,  (coarse  and  fine  aggre¬ 
gate  source) .  Coarse  aggregate  (gravel  to  boulders)  includes 
material  predominantly  retained  on  the  No.  4  sieve  (greater  than 
0.185  in.;  4.75  mm).  Fine  aggregate  (predominantly  sand) 
includes  material  entirely  passing  the  3/8  inch  sieve  (less  than 
0.375  in.;  9.5  mm)  and  almost  entirely  passing  the  No.  4  sieve. 

Classification  boundaries  (Drawing  2)  of  basin-fill  aggregate 
sources  were  generalized  and  will  require  additional  studies 
to  accurately  define  their  location.  Boundaries  of  identified 
crushed  rock  sources  are  based  on  the  areal  map  extent  of  the 
geologic  formations  tested  (i.e..  Prospect  Mountain  Quart¬ 
zite,  Marjum  Limestone,  Pogonip  Group)  and  not  on  the  aggre¬ 
gate  geologic  units  (i.e.,  Qtz,  Ls,  Do)  described  in  Section 
3.2.1. 

In  the  following  discussion,  the  best  potential  coarse,  fine,  or 
crushed  rock  source  within  each  Class  I  and  Class  II  category 
is  presented  first  followed  by  sources  with  successively  lower 
potential.  This  ranking  of  deposits  is  preliminary  and  is  based 
upon  an  analysis  of  all  Fugro  National  and  available  existing 
data . 
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4 . 1  BASIN-FILL  SOURCES 

4.1.1  Coarse  Aggregate 

4 . 1 . 1 . 1  Potentially  Suitable  Concrete  and  Road  Base 
Material  Sources  -  Class  I 

Class  I  coarse  aggregate  sources  are  located  in  Whirlwind  Valley 
in  older  lacustrine  deposits  (Aolg)  between  the  Little  Drum 
and  the  Swasey  mountains,  and  east  of  the  House  Range  in  the 
northwestern  section  of  the  study  area.  They  consist  predomi¬ 
nantly  of  moderately  well-graded,  medium  dense,  stratified, 
sandy  gravel  composed  primarily  of  carbonate  clasts.  Coarse 
fragments  are  subrounded  and  sufficient  material  exists  for 
crushing.  Four  samples  were  tested  from  widely  separated 
locations  with  acceptable  losses  in  the  abrasion  resistance  and 
soundness  tests.  Alkali  reactivity  tests  were  not  done  on  these 
samples.  Overburden  consists  of  3  to  10  feet  (1  to  3  meters)  of 
discontinuous  caliche  horizons  and  alluvial  fan  material. 

Access  to  these  deposits  is  provided  by  several  unpaved  roads 
that  crisscross  the  area  and  minability  is  considered  good  to 
excellent.  Although  general  boundaries  have  been  drawn  around 
these  deposits,  additional  field  reconnaissance  and  testing  will 
be  necessary  to  accurately  define  the  limits  of  this  source. 

A  Class  I  coarse  aggregate  source  was  also  identified  in  an 
alluvial  fan  deposit  (Aafs)  east  of  the  central  House  Range. 
Field  observations  indicate  that  the  deposit  is  a  poorly  graded 
medium  dense,  homogeneous,  sandy  gravel  composed  predominantly 
of  carbonate  clasts.  The  material  passed  the  abrasion  and 
soundness  requirements  for  Class  I  coarse  aggregate,  but  was  not 


-jiiMa 


FN-TR-37-e 


27 


i 


i 

X 

’ 

♦ 

4 

A 

* 


tested  for  alkali  reactivity.  Sand  comprises  approximately 
25  percent  of  this  source.  Good  access  is  provided  by  numerous 
unpaved  roads  and  minability  is  considered  to  be  very  good. 

A  stream  channel  and  terrace  deposit  (Aals)  also  located  east  of 
the  central  House  Range  was  identified  as  a  Class  I  coarse 
aggregate  source  from  laboratory  testing.  Field  observations 
indicate  the  deposit  is  poorly  graded,  loose,  gravelly  sand 
which  contains  approximately  40  percent  gravel.  The  coarse 
fraction  passed  Class  I  requirements  for  abrasion  and  soundness 
tests,  although  soundness  losses  were  high.  Alkali  reactivity 
tests  were  not  made  on  the  coarse  fraction.  Boundaries  of  this 
and  the  preceding  allvial  fan  deposit  could  not  be  defined  at 
this  level  of  investigation. 

Based  of  field  observations  and  laboratory  tests.  Class  I  coarse 
aggregate  material  may  be  available  from  alluvial  fans  bordering 
Class  I  and/or  II  rock  sources  or  within  unmapped  older  lacus¬ 
trine  deposits  throughout  the  study  area. 

4. 1.1. 2  Possibily  Unsuitable  Concrete  Aggregate/ 

Potentially  Suitable  Road-Base  Material  Sources  - 
Class  II 

A  specific  Class  II  coarse  aggregate  source  was  identified  in  an 
older  lacustrine  unit  within  an  alluvial  fan  deposit  (Aafs)  at 
the  southern  end  of  the  Little  Drum  Mountains.  The  deposit  con¬ 
sists  of  well  graded,  medium  dense,  homogeneous,  gravelly  sand, 
with  gravels  comprising  approximately  38  percent  of  the  unit. 
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Soundness  losses  for  the  coarse  fraction  exceed^  Class  I 
specifications,  resulting  in  a  class  II  ranking.  Boundaries 
could  not  be  delineated  at  this  level  of  investigation  and  the 
access  and  minability  of  this  source  are  considered  good  to 
excellent . 


Based  on  field  observations  additional  Class  II  coarse  aggregate 
sources  are  available  in  alluvial  fan  material  (Aafg)  located 
near  the  rock/alluvium  contact  of  most  Class  I  or  Class  II  rock 
sources  and  in  unmapped  older  lacustrine  deposits,  (Drawing  2). 

4. 1.1. 3  Unsuitable  Concrete  Aggregate  or  Road-Base 


Material  Sources  -  Class  III 


No  unsuitable  coarse  aggregate  sources  were  identified  in  the 
Whirlwind  Valley  region  during  Valley  Specific  studies. 

4.1.2  Fine  Aggregate  Sources 

4. 1.2.1  Potentially  Suitable  Concrete  Aqqreqate  and  Road- 


Base  Material  Sources  -  Class  I 


Class  I  fine  aggregate  sources  were  identified  in  two  locations 
in  northern  Whirlwind  Valley  between  the  Little  Drum  and  the 
Swasey  mountains  (Drawing  2).  These  older  lacustrine  deposits 
(Aols)  consist  of  moderately  well  to  poorly  graded,  medium 
dense,  crudely  stratified,  gravelly  sands.  Soundness  losses 
were  high  but  within  Class  I  fine  aggregate  requirements,  and 
where  tested,  alkali  reactivity  results  were  within  Class  I 
standards.  Carbonate  gravel  clasts  comprise  between  17  and  41 
percent  of  these  deposits  and  tests  yield  acceptable  Class  I 
coarse  aggregate  values  for  abrasion  resistance  and  soundness 
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losses,  but  were  untested  for  alkali  reactivity.  Where  suffici¬ 
ent  quantities  of  gravel  exist  these  deposits  would  be  good 
multiple  type  sources.  Boundaries  of  these  sources  are  prelimi¬ 
narily  depicted  at  one  location  and  could  not  be  drawn  at  the 
other.  Both  will  require  further  field  investigations  for  ac¬ 
curate  definition.  These  deposits  are  easily  accessible  by  ex¬ 
isting  unpaved  roads  and  the  minability  is  considered  excellent. 

Class  I  fine  aggregate  is  available  from  coarse  older  lacustrine 
deposits  (Aolg)  in  central  Whirlwind  Valley  east  of  the  House 
Range  (Drawing  2).  These  Class  I  coarse  deposits  (Section 
4. 1.1.1)  contain  as  much  as  47  percent  fine  aggregate  material 
(multiple  type  source)  which  passed  soundness  test  requirements 
for  a  Class  1  fine  aggregate  source.  However,  alkali  reactivity 
tests  were  not  performed.  Boundaries  of  the  deposit  have  been 
tentatively  depicted,  but  will  require  additonal  field  studies 
to  accurately  locate  final  limits.  The  access  and  minability 
are  considered  to  be  very  good. 

A  Class  I  fine  aggregate  source  was  also  identified  in  an  older 
lacustrine  deposit  north  of  the  Cricket  Mountains.  Field  obser¬ 
vations  of  this  localized  unit,  located  within  the  generalized 
unsuitable  aggregate  area,  indicate  that  the  deposit  is  poorly 
graded,  loose,  crudely  stratified,  gravelly  sand.  Carbonate 
gravel  clasts  comprise  about  17  percent  of  this  deposit  and  test 
results  were  well  within  Class  I  standards  for  both  the  fine  and 
coarse  fractions.  Alkali  reactivity  tests  were  not  performed  on 
either  fraction.  Overburden  thickness  is  less  than  1  meter  and 
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caliche  is  poorly  developed  (Stage  I).  The  deposit  boundaries 
could  not  be  delineated  at  this  level  of  investigation.  Access 
and  minability  of  this  source  is  considered  excellent. 

Based  on  field  observations,  additional  Class  I  fine  aggregate 
sources  may  exist  in  alluvial  fan  deposits  located  adjacent  to 
most  Class  I  and/or  Class  II  crushed  rock  sources  and  in  older 
lacustrine  deposits  located  throughout  the  study  area  (Drawing 
2)  . 


4. 1.2. 2  Possibly  Unsuitable  Concrete  Aggregate  Potentially 
Suitable  Road-Base  Materials  Sources  -  Class  II 

Class  II  fine  aggregate  was  identified  in  older  lacustrine  de¬ 
posits  at  the  extreme  southern  end  of  the  Little  Drum  Mountains 
and  north  of  Long  Ridge  in  the  central  portion  of  the  valley 
(Drawing  2).  Field  observations  indicate  these  samples  are 
poorly  to  moderately  well  graded,  medium  dense,  gravelly  sand 
containing  up  to  40  percent  gravel.  Excessive  soundness  losses 
occurred  during  testing  of  these  two  separate  sources  resulting 
in  a  Class  II  ranking.  Alkali  reactivity  tests  were  not  made  on 
either  of  these  sources.  Overburden  averages  less  than  1  meter 
in  thickness.  Specific  boundaries  of  these  deposits  could  not 
be  defined  at  this  level  of  investigation  and  will  require 
further  field  studies  to  accurately  delimit.  The  source  at  the 
southern  end  of  the  Little  Drum  Mountains  is  intermixed  with  a 
larger  alluvial  fan  unit  (Aafg)  while  the  source  north  of  Long 
Ridge  is  located  within  a  much  larger,  generally  defined  lacus¬ 
trine  unit  (Aols)  .  Good  access  is  provided  by  numerous  dirt 
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roads  and  the  minnbility  is  cons idei  o.i  oood  to  excellent  t.u 
both  sources. 

Another  Class  II  fine  aggregate  deposit  was  identified  in 
alluvial  fan  material  (Aafg)  at  the  southern  end  of  the  Little 
Drum  Mountains.  The  deposit  consists  of  poorly  graded,  medium 
dense  to  loose,  gravelly  sand  with  gravel  comprising  about 
38  percent  of  the  unit  (multiple  type  source).  Abrasion  and 
soundness  losses  were  within  Class  I  standards  for  the  coarse 
fraction,  whereas,  soundness  losses  were  excessively  high  for 
the  fine  fraction,  resulting  in  a  Class  II  ranking.  An  alkali 
reactivity  test  was  completed  on  the  fine  fraction,  which  proved 
innocuous.  Accurate  boundaries  of  this  very  heterogeneous 
deposit  could  not  be  drawn  on  the  basis  of  test  results  from 
only  one  location. 

In  the  extreme  northeastern  portion  of  the  study  area,  east  of 
Delta,  a  stream  channel  and  terrace  deposit  of  the  Sevier  River 
within  undifferentiated  alluvium  (Au)  was  identified  as  a  Class 
II  fine  aggregate  source.  This  deposit  consists  of  moderately 
to  well  graded,  loose,  gravelly  sand.  Soundness  losses  were 
excessively  high  resulting  in  a  Class  II  ranking.  The  bound¬ 
aries  of  this  deposit  could  not  be  delineated  at  this  level  of 
investigation,  but  based  on  field  observations  will  generally 
parallel  the  course  of  the  Sevier  River.  Access  and  minability 
are  considered  good  to  excellent. 
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4 . 1 . 2 . 3  Unsuitable  Concrete  Aggregate  or  Road-Base 
Material  Sources  -  Class  III 

Class  III  fine  aggregate  sources  are  generally  located  in  low- 
lying  areas  and  are  composed  predominantly  of  older  lacustrine 
and  recent  playa  deposits  (Drawing  2).  These  sediments  are 
typically  interbedded  and  stratified,  moderately  dense,  fine 
sand,  silt,  and  clay. 

4 . 2  CRUSHED  ROCK  SOURCES 

4.2.1  Potentially  Suitable  Concrete  Aggregate  and  Road-Base 
Material  Sources  -  Class  I 

Class  I  crushed  rock  sources  are  common  in  the  northwestern  and 
western  portions  of  the  study  area  within  the  House  Range  and 
the  Swasey  and  Little  Drum  mountains.  Less  extensive  deposits 
are  located  in  the  Cricket  Mountains  in  the  southern  portion  of 
the  region.  These  deposits  primarily  consist  of  the  Cambrian 
Marjum  and  Dome  limestones  (Ls)  and  Tertiary  and  Quaternary 
basalt  flows  (Vb) . 

The  Marjum  Limestone  forms  the  most  extensive  Class  I  carbonate 
rock  in  the  study  area,  cropping  out  primarily  within  the  House 
Range  and  Swasey  Mountains.  Field  observations  indicate  that 
this  formation  is  typically  very  hard,  fine  to  medium  grained, 
thick-bedded  dolomitic  limestone  with  minor  deleterious  mate¬ 
rials  and  good  splitting  character istics.  Laboratory  test  data 
indicate  these  rocks  meet  Class  I  speci f iciations  with  accept¬ 
able  abrasion  and  soundness  losses,  although  alkali  reactivity 
tests  were  not  performed.  The  access  and  minability  of  these 
rocks  is  generally  considered  good. 
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The  Dome  Limestone  crops  out  in  the  Cricket  Mountains  and  in 
scattered  localities  throughout  the  House  Range  on  the  western 
side  of  the  study  area  (Drawing  2).  It  has  been  previously 
quarried  from  a  locality  in  the  eastern  Cricket  Mountains  where 
field  observations  indicate  the  rock  unit  is  characteristically 
very  hard,  fine  grained  and  has  favorable  splitting  characteris¬ 
tics.  The  limestone  passed  abrasion  and  soundness  requirements 
for  a  Class  I  crushed  rock  aggregate.  Alkali  reactivity  tests 
were  not  made  on  this  source.  Deleterious  material  included 
chert  and  scattered  veins  of  calcite.  The  access  and  minability 
are  generally  good  to  very  good. 

Basalt  and  andesite  flows  (Vb)  within  and  east  of  the  Little 
Drum  Mountains  at  the  northern  end  of  the  study  area  and  south 
of  Delta  (Drawing  2)  represent  potential  Class  I  crushed  rock 
aggregate  sources.  Laboratory  test  results  obtained  during  the 
VSARS  program  and  the  Utah  Aggregate  Resources  Study  indicate 
these  potential  sources  meet  Class  I  specifications  for  abrasion 
and  soundness  losses.  Alkali  reactivity  tests  were  not  perform¬ 
ed  during  either  study.  However,  due  to  the  presence  of  volcan¬ 
ic  glass  particles  observed  during  field  reconnaissance,  tests 
should  be  made  to  evaluate  the  alkali  reactivity  potential. 
Field  observations  indicate  the  rocks  are  hard  and  have  favor¬ 
able  splitting  characteristics.  Access  to  these  sources  is 
especially  good  because  of  their  central  location  in  the  Sevier 
Desert.  Minability  is  considered  generally  good  to  very  good. 
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4.2.2  Possibly  Unsuitable  Concrete  Aggregate/Potential ly 
Suitable  Road-Base  Material  Class  II 

No  Class  II  crushed  rock  aggregate  sources  were  specifically 

identified  from  the  laboratory  testing  program. 

Extensive  sedimentary  and  volcanic  rock  units  indicated  on 
Drawing  2  as  Class  II  crushed  rock  sources  were  classified  only 
by  field  visual  observations.  Cha racter i zed  by  highly  variable 
lithologic  composi tions ,  these  potential  sources  will  require 
further  field  observation  and  laboratory  testing  to  determine 
their  acceptability. 


4.2.3  Unsuitable  Concrete  Aggregate  or  Road-Base  Material 
Sources  Class  III 

One  small  Class  III  crushed  rock  aggregate  source  was  specifi¬ 
cally  identified  from  the  laboratory  testing  program.  This 
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5.0  CONCLUSIONS 


Results  of  the  Valley-Specific  aggregate  investigation  indicate 
that  sufficient  supplies  of  potentially  good  to  high  quality 
(Class  I  and  II)  basin-fill  and  crushed  rock  aggregate  material 
are  available  within  the  Whirlwind  Valley  study  area  to  meet 
construction  requirements  of  the  MX  system  (Drawing  2). 

5.1  POTENTIAL  BASIN-FILL  AGGREGATE  SOURCES 

5.1.1  Coarse  Aggregate 

Major  Class  I  basin-fill  coarse  aggregate  deposits  have  been 
identified  within  older  lacustrine  deposits  (Aolg)  located  east 
of  the  Swasey  Mountains  and  the  House  Range  in  the  northwestern 
section  of  the  study  area. 

Additional  Class  I  coarse  aggregate  sources  whose  boundaries 
could  not  be  delineated  are  also  located  in  alluvial  fan  (Aafs) 
and  stream  channel  (Aals)  deposits  in  the  northwestern  section 
of  the  study  area  east  of  the  central  House  Range. 

Field  observations  indicate  additional  sources  of  Class  I  coarse 
aggregate  may  be  available  in  alluvial  fan  deposits  adjacent  to 
the  rock/alluvium  contact  of  Class  I  and/or  Class  II  crushed 
rock  sources  or  unmapped  older  lacustrine  deposits. 

Potentially  suitable  Class  II  coarse  aggregate  sources  are 
widespread  and  extensive  in  the  study  area.  Although  boundaries 
of  specific  deposits  could  not  be  delineated,  they  are  typically 
located  within  alluvial  fans  flanking  Class  I  and/or  Class  II 
rock  sources  and  older  lacustrine  deposits. 
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Further  field  reconnaissance  will  be  required  to  accurately 
delineate  Class  I  fine  aggregate  sources  identified  in  older 
lacustrine  and  alluvial  fan  deposits  in  the  study  area.  Based 
on  field  observations,  additional  potential  sources  may  exist  in 
other  alluvial  ::an  units  derived  from  Class  I  and/or  Class  II 
rock  sources  and  older  lacustrine  deposits. 


Specific  Class  II  fine  aggregate  sources  were  located  in  allu¬ 
vial  fan  and  older  lacustrine  deposits  south  of  the  Little  Drum 
Mountains  in  the  central  section  of  the  study  area  and  within 
undifferentiated  alluvial  material  (Au)  northeast  of  Delta,  Utah 
in  the  northeastern  portion  of  the  study  area.  Specific  deposit 
boundaries  could  not  be  delineated  at  this  level  of  investiga¬ 
tion  and  will  require  additional  field  studies  to  accurately 
define . 


5.2  POTENTIAL  CRUSHED  ROCK  AGGREGATE  SOURCES 

Class  I  crushed  rock  sources  exist  in  most  sections  of  the  study 
area.  The  most  suitable  deposits  and  their  corresponding 


locations  are  listed  as  follows 
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a.  Marjum  Limestone  (Ls)  -  Northwestern  portion  of  the 

study  area  (northern  House 
Range  and  southern  Swasey 
Mountains) . 

b.  Dome  Limestone  (Ls)  -  South-central  portion  of  the 

area  of  investigation  (Crickett 
Mountains) . 


c.  Basalt  and  Andesitic 
Flows  (Vb) 


Northern  and  eastern  sections 
of  the  Valley-Specific  study 
area  (Little  Drum  Mountains  and 
vicinity  and  south  of  Delta) . 


Class  I  crushed  rock  sources  (Marjum  Limestone  - 
within  the  southern  Swasey  and  northern  House 
provide  crushed  rock  material  for  much  of  the  study 
of  their  good  accessibility  and  minability. 


Ls)  exposed 
Range  could 
area  because 


Extensive,  undifferentiated  volcanics  and  sedimentary  units  and 
limestone  which  are  widely  distributed  throughout  the  study  area 
comprise  most  of  the  Class  II  crushed  rock  sources  delineated  on 
Drawing  2.  Classi f ication  was  based  primarily  on  field  visual 
observations. 
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EXPLANATION  OF  FUGRO  NATIONAL 
FIELD  STATION  AND  SUPPLEMENTARY 
TEST  DATA 


Fugro  National  field  stations  were  established  at  locations 
throughout  the  Valley-Specific  study  area  where  detailed  de¬ 
scriptions  of  potential  basin-fill  or  rock  aggregate  sources 
were  recorded  (Drawing  1).  All  field  observations  and  labora¬ 
tory  test  data  on  samples  collected  at  selected  stations  are 
presented  in  Table  A-l.  Data  entries  record  conditions  at 
specific  field  station  locations  that  have  been  generalized  in 
the  text  and  Drawing  2.  Detailed  explanations  for  the  column 
headings  in  Table  A-l  are  as  follows: 


Column  Headinc 


Map  Number 


Field  Station 


Location 


Explanation 

This  sequentially  arranged  numbering  system 
was  established  to  facilitate  the  labelling 
of  Fugro  National  field  station  locations 
and  existing  data  sites  on  Drawing  1  and  to 
list  the  correlating  information  on  Tables 
A-l  and  A-2  in  an  orderly  arrangement. 

Fugro  National  field  station  data  are  com¬ 
prised  of  information  collected  during: 

o  The  Valley-Specific  Aggregate  Resources 
Study;  sequentially  numbered  field 
stations  were  completed  by  two  investiga¬ 
tive  teams  (A  and  D)  .  The  Whirlwind 
Valley  Candidate  Deployment  Area  (WWCDP) 
designation  is  obsolete. 

o  The  general  aggregate  investigation  in 
Utah  ( UGS )  . 

o  The  Verification  study  in  Whirlwind 
Valley;  trench  data  (WW-T)  were  re¬ 
stricted  to  information  below  the  soil 
horizon  (1  to  2  meters). 

Lists  majoi  physiographic  or  cultural 
features  in/or  near  which  field  stations  or 
existing  data  sites  are  situated. 
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A-2 


Column  Heading 
Geologic  Unit 


Material 

Description 


Field  Observations 

Boulders 

and/or 

Cobbles, 

Percent 

Gravel 

Sand 

Fines 

Plasticity 
( Index) 


Ha  rdness 


Explanation 

Generalized  basin-fill  or  rock  geologic 
units  at  field  station  or  existing  data 
locations.  Thirteen  classifications, 
emphasizing  age  and  lithologic  distinctions 
were  developed  from  existing  geologic  maps 
to  accomodate  map  scale  of  Drawing  2. 

Except  in  cases  where  soil  or  rock  samples 
were  classified  on  laboratory  results,  the 
descriptions  are  based  on  field  visual 
observations  utilizing  the  Unified  Soil 
Classification  System  (See  Appendix  C  for 
detailed  USCS  information) . 


The  estimated  percentage  of  boulders  and 
cobbles  is  based  on  an  appraisal  of  the  en¬ 
tire  deposit.  Cobbles  have  an  average  dia¬ 
meter  between  3  and  12  inches  (8  and  30  cm) ; 
boulders  have  an  average  diameter  of 
12  inches  (30  cm)  or  more. 

Particles  that  will  pass  a  3-inch  (76  mm) 
and  are  retained  on  No.  4  (4.75  mm)  sieve. 

Particles  passing  No.  4  sieve  and  retained 
on  No.  200  (0.075  mm)  sieve. 

Silt  or  clay,  soil  particles  passing  No. 

200. 


Plasticity  index  is  the  range  of  water 
content,  expressed  as  percentage  of  the 
weight  of  the  oven-dried  soil,  through  which 
the  soil  is  plastic.  It  is  defined  as  the 
liquid  limit  minus  the  plastic  limit.  Field 
classification  followed  standard  descrip¬ 
tions  and  their  ranges  are  as  follows: 


None  -  Nonplastic  (NP) 

Low  -  Slightly  plastic 

Medium  -  Medium  plastic 

High  -  Highly  plastic 


(PI,  0-4) 
(PI,  4  -  15) 
(PI,  15  -  30) 
(PI,  >  31) 


-v  field  test  to  identify  materials  that  are 
soft  or  poorly  bonded  by  estimating  their 
resistance  to  impact  with  a  rock  hammer; 
classified  as  either  soft,  moderately  hard, 
hard,  or  very  hard. 
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Column  Heading  Explanation 

Weathering  Changes  in  color,  texture,  strength,  chemi¬ 

cal  composition  or  other  properties  of  rock 
outcrops  or  rock  particles  due  to  the  action 
of  weather;  field  classified  as  either  fresh 
or  slight(ly),  moderate(ly)  or  very  weath¬ 
ered  . 

Deleterious  Substances  potentially  detrimental  to  con- 
Materials  Crete  performance  that  may  be  present  in 

aggregate;  includes  organic  impurities, 
low  density  material,  (ash,  vesicules, 
pumice,  cinders),  amorphous  silica  (opal, 
chert,  chalcedony),  volcanic  glass,  caliche 
coatings,  clay  coatings,  mica,  gypsum, 
pyrite,  chlorite,  and  friable  materials, 
also,  aggregate  that  may  react  chemically  or 
be  affected  chemically  by  other  external 
influences. 


Laboratory  Test  Data 


Sieve 

Analysis 
(ASTM  C  136) 


The  determination  of  the  proportions  of  par¬ 
ticles  lying  within  certain  size  ranges  in 
granular  material  by  separation  on  sieves  of 
different  size  openings;  3-inch,  1  1/2-inch, 
3/4-inch,  3/8-inch,  No.  4,  No.  8,  No.  16, 
No.  30,  No.  50,  No.  100  and  No.  200. 


No.  8,  No.  50 


Asterisked  entries  used  No.  10  and  No.  40 
sieves,  respectively. 


Abrasion  Test  A  method  for  testing  abrasion  resistance  of 
(ASTM  C  131)  an  aggregate  by  placing  a  specified  amount 
in  a  steel  drum  (  the  Los  Angeles  testing 
machine) ,  rotating  it  500  times,  and  deter- 
ming  the  material  worn  away. 


Soundness 

Test 

(ASTM  C  88) 
CA,  FA 


CA  =  Coarse  Aggregate 
FA  =  Fine  Agregate 

The  testing  of  aggregates  to  determine  their 
resistance  to  disintegration  by  saturated 
solutions  of  magnesium  sulfate.  It  fur¬ 
nishes  information  helpful  in  judging  the 
soundness  of  aggregates  subject  to  weather¬ 
ing  action,  particularly  when  adequate 
information  is  not  available  from  service 
records  of  the  material  exposed  to  actual 
weathering  conditions. 
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Column  Heading 

Speci f ic 
Gravity  and 
Absorption 
( ASTM  C  127 
and  128) 

Alkali 
Reactivity 
(ASTM  C  289) 


Aggregate  Use 


Explanation 

Methods  to  determine  the  Bulk  Specific  Grav¬ 
ity,  Bulk  SSD  Specific  Gravity  (Saturated  - 
Surface  Dry  Basis),  and  Apparent  Specific 
Gravity  and  Absorption  as  defined  in  ASTM 
E12-70  and  ASTM  C  125,  respectively. 

This  method  covers  chemical  determination  of 
the  potential  reactivity  of  an  aggregate 
with  alkalies  in  Portland  cement  concrete  as 
indicated  by  the  amount  of  reaction  during 
24  hours  at  80°C  between  1  N  sodium  hydro¬ 
xide  solution  and  aggregate  that  has  been 
crushed  and  sieved  to  pass  a  No.  50  (300-  m) 
sieve  and  be  retained  on  a  No.  100  (150-  m) 
sieve . 

I  =  Class  I;  potentially  suitable  concrete 
aggregate  and  road-base  material 
source . 

II  =  Class  II;  possibly  unsuitable  concrete 
aggregate/potentially  suitable  road- 
base  material  source. 

Ill  =  Class  III;  unsuitable  concrete  aggre¬ 
gate  or  road  base  material  source, 
c  =  coarse  aggregate 
f  =  fine  aggregate 
f/c  =  fine  and  coarse  aggregate 
cr  =  crushed  rock 

All  sources  not  specifically  identified  as 
Class  I,  II,  or  III  from  the  abrasion, 
soundness,  or  alkali  reactivity  tests  or  the 
content  of  clay-  and  silt-sized  particles, 
are  designated  as  Class  II  sources. 
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MAP  NUMBER 

FIELD 

STATION 

LOCATION 

GEOLOGIC 

UNIT 

MATERIAL 

DESCRIPTION 

uses 

SYMBOL 

1 

WWCDP-A1 

Whirlwind 

Valley 

Aols 

Gravelly  Sand 

sw 

2 

WWCDP-A2 

Whirlwind 

Valley 

Aolg 

Sandy  Gravel 

GP 

3 

WWCDP-A3 

Whirlwind 

Valley 

Ls 

Limestone 

4 

WWCDP-A4 

Whirlwind 

Valley 

Aolg 

Sandy  Gravel 

GP 

5 

WWCDP-A5 

Whirlwind 

Valley 

Aolg 

Sandy  Gravel 

GW 

6 

WWCDP-A6 

Whirlwind 

Valley 

Aolg 

Gravelly  Sand 

SW 

7 

WWCDP-A7 

Whirlwind 

Valley 

Aafg 

Gravelly  Sand 

SW 

8 

WWCDP-A8 

Whirlwind 

Valley 

Ls 

Limestone 

9 

WWCDP-A9 

Whirlwind 

Valley 

Aolg 

Gravelly  Sand 

SW 

10 

WWCDP-A 1 0 

Whirlwind 

Valley 

Aolg 

Gravelly  Sand 

sw 

11 

WWCDP-A1 1 

Whirlwind 

Valley 

Aolg 

Gravelly  Sand 

sw 

12 

WWCDP-A12 

Sevier 

Desert 

Aolg 

Gravelly  Sand 

SP 

13 

WWCDP-A 13 

Whirlwind 

Valley 

Aals 

Gravelly  Sand 

SP 

6  JUN  go 


MATERIAL  FINER 
THAN  COBBLES. 
PERCENT 


u_ 


SIEVE  ANALYSIS.  PERCENT  PASSING  (ASTM  C  136) 


DELETERIOUS 

MATERIALS 


Caliche  Coatings  100  100  93.9  83.5  75.8  70.4  64.8  56.0  R6.9 


3.-  NO.  NO.TnO.  NO.  I  NO. 
*  4  8  16  30  ]  50 


Slight 


2%  Chert,  100  98.8  86.2  26.3  9.6  6.7  5.8  4.0  2.5 

Caliche  Coatings 


Slight 


Caliche  Coatings  100  100  99.0  85.8  40.1  14.8  12.8 


Caliche  Coatings  100  98.2  93.1  76.0  50.3  28.1  19.7 


<5%  Volcanic  Glass.  100  87.7  82.8  69.5  62.2  51.4 

Caliche,  <5%  Low 
Density  Materials 

Caliche  Coatings  08.6  90.5  80.0  70.5  61.9 


None  100  100  98.1  93.2  83-2  64.4  35.3  16.1  7.9 

<5%  Volcanic  Glass.  100  97.5  86.9  70.8  59.0  38.4  29.8  21.8  7.9 

Caliche  Coatings 

Caliche  and  Clay  100  100  97.0  87.7  69.9  56.0  43.0  30.8  17.5 

Coatings 

2%  Chert  100  100  99.4  94.6  82.9  71.5  62.7  55.3  44.3 


41T  Chert 


99.5  98.5  91.2  60.8  37.2  2 3.7  12.9  5.5 


LABORATORY  TEST  DATA 


l 

SOUNDNESS  TEST 

(ASTM  C  66) 

SPECIFIC  GRAVITY 
(ASTM  C  127 

AND  ABSORPTION 

AND  C  128) 

—  II  111  II II  IX 

SPECIFIC  GRAVITY 

■“1  I 
LU 

^  s 

co 

SPECIFIC  GRAVITY 

wr 

>-  2 
2  Jr 

or  “5 

i « i  o 

zr  co 

ft-  po 

m. 

200 

PERCENT 

NEAR 

PERCENT  LOSS 

BULK 

BULK 

SSD 

APPAR-^ 

ENT 

BULK 

BULK 

SSD 

APPAR¬ 

ENT 

CA 

FA 

4.8 

7.94 

2.64 

2.75 

2.96 

4.06 

1.0 

28.9 

3.56 

2.83 

2.87 

2.94 

1.35 

24.6 

1.18 

3.04 

3.05 

3.07 

0.24  1 

2.5 

24.9 

2.14 

3.3 

31 .2 

5.95 

4.58 

2.68 

2.69 

2.72 

i 

0.55 

2.61 

2.63 

2.66 

0.83 

2.3 

38.16 

2.1 

25.4 

6.17 

15.71 

2.61 

2.63 

2.66 

0.69 

2.58 

2.60 

2.64 

0.95 

1.8 

27.8 

10.68 

14.54 

2.54 

2.59 

2.68 

1.97 

2.64 

2.77 

3.03 

4.89 

0.8 

25.4 

6.28 

2.61 

2.65 

2.72 

1.47 

1.2 

23.6 

8.13 

14.35 

0.6 

20.2 

2.20 

5.94 

2.75 

2.77 

2.81 

0.84 

0.9 

19.4 

17.06 

2.66 

2.70 

2.77 

1.46 

1 


SPECIFIC  GRAVITY  AND  ABSORPTION 
(ASTM  C  127  AND  C  128) 


SPECIFIC  GRAVITY 


33 

■ 

fl 


58  2.68  2.69  2.72  0.55  2.61  2.63  2.66  0.83 


BULK 

BULK 

SSD 

2.83 

2.87 

3.04 

3.05 

2.68 

2.69 

2.61 

2.63 

2.54 

2.59 

2.61 

2.65 

2.75 

2.77 

2.66 

2.70 

SPECIFIC  GRAVITY 


BULK 


2.64  2.75  2.96  4.06 


71  2.61  2.63  2.66  0.69  2.58  2.60  2.64  0.95 


54  2.54  2.59  2.68  1.97  2.64  2.77  3.03  4.89 


ALKALI 
REACTIVITY 
(ASTM  C  289) 


Potentially 

Deletrious 


Inn  2uous  Ilf/c 


Innocuous  Ilf 
Ic 


FUGRO  NATIONAL  FIELD  STATION 
AND  SUPPLEMENTARY  TEST  DATA 
WHIRLWIND  VALLEY,  UTAH 
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TTT7T3T 


1 


MAP  NUMBER 

FIELD 

STATION 

LOCATION 

GEOLOGIC 

UNIT 

MATERIAL 

DESCRIPTION 

14 

WWCDP-A1 4 

Whirlwind 

Valley 

Aafs 

Sandy  Gravel 

15 

WWCDP-A15 

Whirlwind 

Valley 

Ls 

Limestone 

16 

WWCDP-A19 

Whirlwind 

Valley 

Aol 

Silty  Clay 

17 

WWCDP-A21 

House 

Range 

Ls 

Limestone 

18 

WWCDP-A25 

Swasey 

Mountains 

Do 

Dolomite 

19 

WWCDP-A26 

Little  Drum 
Range 

Vu 

Latite 

20 

WWCDP-A27 

Sevier 

Desert 

Aal 

Gravelly  Sand 

21 

WWCDP-B1 

Whirlwind 

Valley 

Aolg 

Sandy  Gravel 

22 

WWCDP-B2 

Whirlwind 

Valley 

Vu 

Rhyodacite 

23 

WWCDP-B3 

Whirlwind 

Valley 

Aolg 

Sandy  Gravel 

24 

WWCDP-B4 

Whirlwind 

Valley 

Aafs 

Sandy  Gravel 

25 

WWCDP-B5 

Whirlwind 

Valley 

Aafs 

Gravelly  Sand 

26 


WWCDP-B6 


Sevier 

Lake 


Ls 


Limestone 


FIELD  OBSERVATIONS 


PLASTICITY 

HARDNESS 

WEATHERING 

DELETERIOUS 

MATERIALS 

None 

10?  Chert,  Caliche 

Coatings 

Very 

Slight 

5?  Chert 

Hard 

Med . 

Clay 

Hard 

Moderate 

5%  Chert 

Hard 

Fresh 

None 

Hard 

Slight 

5%  to  10 %  Volcanic 

Glass 

None 

None 

0%  Chert 

Hard 

Slight 

5  to  10?  Volcanic 

Glass 

None 

None 

None 

Caliche  Coatings 

None 

Caliche  Coatings 

Very 

Slight 

None 

Hard 

SIEVE  ANALYSIS,  PE 


100  100  99.3 

100  78.3  55.5  44.8  40. 


98.6  96.0  88.4  75.4  47.8 


LABORATORY  TEST  DATA 


SOUNDNESS  TEST 

(ASTM  C  88 ) 


SPECIFIC  GRAVITY  AND  ABSORPTION 
(ASTM  C  127  AND  C  12B) 


■  1 1 1 1 1 1  >i  — 


SPECIFIC  GRAVITY 


PERCENT  LOSS 


ALKALI 
REACTIVITY 
(ASTM  C  289) 


CA 


ALKALI 
REACTIVITY 
(ASTM  C  289) 


FH-TR-37 


FIELD 

STATION 


LOCATION 


27  WWCDP-B1 0  Sevier 
Desert 


28  UGS-A11 


30  UGS-A16 


31  UGS-A17 


32  UGS-A39 


33  UGS-B38 


34  UGS-B40 


35  WW-T1 


36  WW-T3 


Sevier 

River 


GEOLOGIC 

UNIT 


29  UGS-A15  Black  Rock  Vb 


Sevier  Aol 

Desert 

Cricket  Su 

Mountains 

Sevier  Aal 

Desert 

Cricket  Ls 

Mountains 

Cricket  Aaf 

Mountains 

Whirlwind  Aols 

Valley 

Whirlwind  Aafs 

Valley 


MATERIAL 

DESCRIPTION 


Sandy  Gravel 


Silty  Clay 


Basalt 


Sandy  Gravel 


Limestone 


Gravelly  Sand 


Limestone 


Sandy  Gravel 


Silty  Gravel 


Silty  Clay 


uses  g 

SYMBOL 


DISTRIBUTION  OF 
MATERIAL  FINER 
THAN  COBBLES. 
PERCENT 


=>  o  ac  5  — 

o  Z  LU  g  <^>  u- 


0  60  40  0 


0  0  5  95 


T  65  30  5 


0  20  80  T 


GP  20  60  40  T 


6  JUN  t0 


j&m 

w 


FIELD  OBSERVATIONS 


CD 

</5  I 


DELETERIOUS 

MATERIALS 


10  to  20%  Volcanics 
and  Low  Density 
Materials 


SIEVE  ANALYSIS.  PERCENT  PASSING  (ASTM  C  136) 


HHWHI 


10. 

NO. 

6 

30 

Moderate 


Fresh 


Slight 


T  None 


Caliche  Coatings 


5?  Chert,  Calcite 
Veins 

10?  Volcanic 
Particles 


<5%  Volcanic  Glass 


100  93  80  65  53 


100  99  95 


LABORATORY  TEST  DATA 


FN-TR-37-e 
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EXPLANATION  OF  EXISTING  DATA 


Existing  data  pertaining  to  aggregates  were  extracted  from  the 
Utah  State  Department  of  Highways*  Materials  Inventory  county 
reports.  These  reports  are  compilations  of  avaiable  site  data 
from  existing  files  and  records  and  are  intended  to  accurately 
locate,  investigate,  and  catalog  materials  needed  for  highway 
construction.  Explanations  for  column  headings  which  appear  in 
Table  A-2 ,  that  have  not  been  previously  discussed  in  Table  A-l, 
are  given  below: 


Column  Headinc 


Site  Number 


Material 
Description 
USCS  Symbol 


Sieve  Analysis 


No.  10,  No. 


Soundness  Test 


Explanation 

Utah  State  Department  of  Highways  pit  or 
site  number.  Locations  correspond  to  map 
numbers  listed  on  this  table  and  placed  on 
Drawing  2. 

To  maintain  conformity  within  the  study,  the 
Utan  •■'tate  Department  of  Highways  classifi¬ 
cation  system  (A.A.S.H.O.)  was  converted  to 
the  Unified  Soil  Classification  System 
(USCS)  utilizing  the  sieve  analyses'  size 
distribution  and  the  plasticity  indices. 

The  size  distribution  of  fine  and  coarse 
aggregate  samples  was  determined  by  sieving. 
In  some  samples,  particles  greater  than 
1  inch  in  size  (>1  inch)  were  crushed  to 
1  inch  maximum  size  and  remixed  with  the 
remaining  sample  before  sieving.  In  these 
cases,  data  entries  under  1  inch  are  100 
percent,  preceeded  by  before  crushing 
percentages. 

Samples  tested  after  mid-1963  used  No.  8 
and  No.  50  sieves,  respectively.  These 
entries  are  marked  with  asterisks. 

The  testing  of  aggregates  to  determine  their 
resistance  to  disintegration  by  saturated 
solutions  of  sodium  sulfate.  It  furnishes 
information  helpful  in  judging  the  soundness 
of  aggregates  subject  to  weathering  action. 


T 


II 


L  INC 


FN-TR-37-e 


A-9 


Column  Heading  Kxplnnat ion 

Soundness  Test  particularly  when  adequate  information  is 

(cont.)  not  available  from  service  records  of  the 

material  exposed  to  actual  weathering 
cond  i  t ions . 


i 

k 


T* 


NUMBER 


LOCATION 


MATERIAL 

DESCRIPTION 


SYMBOL 


14090  USDH  Millard 

County 

14091  USDH  Millard 

County 

14092  USDH  Millard 

County 


Long  Ridge  Au  Sandy  Gravel 


Long  Ridge  Aols  Sandy  Gravel 


Long  Ridge  Aols  Gravelly  Sand 


GP-GM 


GP-GM 


SP-SM 


14093  USDH  Millard 

County 

14094  USDH  Mi: lard 

County 

14095  USDH  Millard 

County 

14096  USDH  Millard 

County 

14097  USDH  Millard 

County 


Whirlwind 

Valley 

Whirlwind 

Valley 

Whirlwind 

Valley 

Sawtooth 

Cove 

Sawtooth 

Cove 


Aolsl  Clayey  Gravel 


Aols  Clayey  Gravel 


Aafs  Sandy  Gravel 


Aafsl  Sandy  Gravel 


GC-GM 


GM-GC 


Aols  Clayey  Gravelly  Sand  GM-SM 


GM-GC 


6  I  UN  10 


uses  BEFORE 
CRUSHING. 


3*  M' 


SIEVE  ANALYSIS 


PERCENT  PASSING  AFTER 

cutuo  rn  i  **  uiviuiiu  c 


GP-GM  2.8  22.7  100 

SP-SM  100 

GC-GM  3-9  15.0  100 

GM-GC  2.9  12.1)  ioo 

GM-SM  0  10.6  100 

GM-GC  3.0  19.1  100 

GP  2.9  24.3  100 


MAXIMUM 

SIZE 

NO 

NO 

NO 

10 

40 

200 

38*0 

23*2 

11.8 

41.1 

24.1 

5.3 

41.9 

18.6 

7.3 

27.4 

15.8 

8.0 

34.7 

21.1 

10.4 

44.7 

30.9 

12.1 

25.6 

12.4 

5.4 

21.4 

11.5 

5.0 

PLASTICITY 

INDEX 

(ASTM  D  423 
and  0  424) 


EXISTING  TEST  DATA 
WHIRLWIND  VALLEY,  UTAH 


Ml  SITING  INVESTIGATION 
DEPARTMENT  OF  THE  AIR  FORCE  -  I  NO 


FH-m-37 


MAP  NUMBER 

SITE 

NUMBER 

DATA 

SOURCE 

-  - 

LOCATION 

GEOLOGIC  UNIT 

MATERIAL 

DESCRIPTION 

37 

14069 

USDH  Millard 
County 

E.  Sevier 
Desert 

Au 

Poorly  Graded  Sand 

38 

14072 

USDH  Millard 
County 

Central 

Sevier 

Desert 

Au 

Gravelly  Sand 

39 

14073 

USDH  Millard 
County 

Central 

Sevier 

Desert 

Au 

Gravelly  Sand 

40 

14074 

USDH  Millard 
County 

Central 

Sevier 

Desert 

Au 

Sand  with  some  Silt 

41 

14075 

USDH  Millard 
County 

Central 

Sevier 

Desert 

Au 

Silty  Gravelly  Sand 

42 

14076 

USDH  Millard 
County 

S.  Sevier 
Desert 

Aaf 

Sandy  Gravel 

43 

14077 

USDH  Millard 
County 

S.  Sevier 
Desert 

Au 

Sandy  Gravel 

44 

14085 

USDH  Millard 
County 

W.  Sevier 
Desert 

Au 

Sandy  Gravel 

45 

14086 

USDH  Millard 
County 

W.  Sevier 
Desert 

Au 

Silty  Sand 

46 

14087 

USDH  Millard 
County 

W.  Sevier 
Desert 

Au 

Sandy  Gravel 

47 

14088 

USDH  Millard 
County 

W.  Sevier 
Desert 

Au 

Gravelly  Sand 

48 

14089 

USDH  Millard 
County 

Long  Ridge 

Aols 

Sandy  Gravel 

6  I  UN  tO 


I 


SIEVE  ANALYSIS 


rmrcuiNC  PERCENT  PASSING  AFTER 
PERCENT  CRUSHING  TO  1”  MAXIMUM  SIZE 


cn  | 

1  c/i 


-3-1  -r 


SP-SM 


SP-SM 


SP-SM 


.6  100 


NO  NO  NO  PERCENT 

10  40  200  VEAR 


,99.8  6.7 


54.2  9.6  17.5 


39.3  5.8  17.4 


SP-SM 


GP-GM  1 .6  PI. 4  100 


GP-GM  0  6.8  100 


34.3  4.7 


26.0  5.3 


21.1  I  5.1  I  33.8 


11.1  26.1 


2.1  23.8 


SP-SM 


100  98.6^6.1 


GP  0  2.9  100 


1.8  19.6 


SP-SM 


1.0  100 


.6  100 


CA  |  FA 


PLASTICITY 

INDEX 

(ASTM  D  423 
and  D  424) 


EXISTING  TEST  DATA 
WHIRLWIND  VALLEY.  UTAH 


MI  SUING  INVEST 1  GAT 1  ON 
DEPARTMENT  OF  THE  AIR  FORCE  -  IMO 


FN-TR-37-e 


DIAGNOSTIC  CARBONATE  MORPHOLOGY 


GRAVELLY  SOILS 


NONGRAVELLY  SOILS 


Thin,  discontinuous  pebble  coatings 


Few  filaments  or  faint  coatings 


Continuous  pebble  coatings,  some 
interpebble  f i I  lings 


Few  to  abundant  nodules,  flakes. 
< i laments 


Many  interpebble  fillings 

Laminar  horizon  overlying  plugged 
horizon 


Many  nodules  and  internodular 
fill ings 

Laminar  horizon  overlying  plugged 
horizon 


GRAVELLY  SOILS 


NONGRAVELLY  SOILS 


I 

Weak  Ca 


tv* 


n 

Strong  Ca 


ijo  & 

V*'*? 


u 

Indurated  K 


K2lm 

K22m 


K2lm 

K22m 


om 


Stages  of  development  of  a  caliche  profile  with  time.  Stage  I  represents  incipient  carbonate 
accumulation,  followed  by  continuous  build-up  of  carbonate  until,  in  Stage  [V,  the  soil  is 
completely  plugged. 

SUMMARY  OF  CALICHE  DEVELOPMENT 


Aoloronct:  Bilt.L  H  Potoraon.F  F  .  and  Grotiaan.R  8.  ,  1 865, 
Tha  X  horizon:  A  aaator  horizon  of  carbonate 
accuaulotion:  Soil  Scionco,  *.  99,  p.  74*92. 
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APPENDIX  C 


Unified  Soil  Classification  System 
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